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© Method for pulling up single crystal silicon. 
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© In the production of substrates for semi-conduc- 
tor electronics, a method for pulling up single crystal 
silicon comprises pulling up as a single crystal sili- 
con rod from a silicon melt in a quartz crucible by 
the Czochralski process, gradually changing the 
standard rotation speed of the crucible, and further 
adding pulse-like speed variations to the standard 
rotation speed of the said crucible, so that the oxy- 
gen concentration be uniform in the axial and radial 
directions of the single crystal silicon rod. 
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METHOD FOR PULLING UP SINGLE CRYSTAL SILICON 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to a method of pulling up 
an ingot of single crystal silicon by the Czochralski 
process, and more particularly to a method of 
simultaneously equalizing oxygen concentrations of 
a grown single crystal silicon rod in its axial and 
radial directions. 

2. Description of the Related Art: 

According to the Czochralski process, a single 
crystal silicon rod is produced by heating and 
melting polycrystalline silicon in a quartz crucible, 
inserting a small seed crystal into the silicon melt, 
and gradually pulling up the seed crystal so as to 
grow the single crystal silicon rod. The quartz 
crucible is in contact with the silicon melt (about 
1450° C) and its surface dissolves into the silicon 
melt. A part of the dissoved oxygen in the silicon 
melt is evaporated and the rest is incorporated into 
the single crystal rod. 

Generally a single crystal silicon rod which has 
been pulled up by the conventional Czochralski 
process has non-uniform oxygen concentration. To 
be more specific, the part of the single crystal 
silicon rod which has been initially solidified in the 
axial direction has a higher oxygen concentration 
while the part solidified at a later stage has a lower 
oxygen concentration. For instance, the former oxy- 
gen concentration is 3 x 10 18 atoms/cc while the 
latter oxygen concentration is 6 x 10 17 atoms/cc at 
the later stage of the solidification. The single cry- 
stal silicon rod has the highest oxygen concentra- 
tion at its central part of the radial direction and the 
lowest concentration at its periphery. The oxygen 
concentration of the radial direction is variable by 
as large as 1 5% of the central part. 

Oxygen dissolved in single crystal silicon gen- 
erates microdefects during heating treatment. If 
they occur in an active region of the surface of 
silicon wafers, the microdefects serve as nucleation 
sites for producing stacking faults during thermal 
oxidation processes. These stacking faults would 
deteriorate electric characteristics of electronic de- 
vices fabricated with a semiconductor substrate. 
However, recently such microdefects are intention- 
ally generated within a semiconductor substrate 
except for the surface resions so as to actively use 
them as gettering sites for impurities and to make 
active regions free from defects. Oxygen dissolved 
in single crystal silicon is indispensible to this 
purpose. The above mentioned process is called 
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an intrinsic gettering process and is one of the 
most indispensible techniques for manufacturing 
semiconductor integrated circuits. 

The concentration of oxygen dissolved in a 
5 single crystal silicon rod is required to be as uni- 
form as possible in its axial and radial directions. 
The concentration of oxygen in the single crystal 
silicon rod is control led by the following methods: 

(1) a method using a fluid friction in the vicinity of 
70 solid-liquid interface by periodically and completely 

interrupting the rotation of a quartz crucible 
(Japanese Patent Publication No. 29,677/1978), (2) 
a method rotating the quartz crucible at a speed in 
reverse proportion to an oxygen concentration pro- 
J5 file determined on a single crystal silicon rod 
(Japanese Patent Publication No. 6911/1985), and 
(3) a method rotating a single crystal silicon rod 
and the quartz crucible in the reverse directions to 
each other, and rotating the single crystal silicon 
20 rod at a speed faster than that of the quartz cru- 
cible, and increasing the rotation speed of the 
crucible in accordance with the length of the single 
crystal silicon rod (Japanese Laid-open Patent Pub- 
lication No. 135796/1982). Any of these methods 
25 are insufficient for the aforementioned purpose. 

With the method (1), it is required to interrupt 
the rotation of the crucible momentarily and com- 
pletely. However, as the crucible has become larg- 
er recently so as to receive more molten material, 
30 the momentary and complete interruption of the 
rotation is almost impossible. If the crucible was 
stopped completely, the molten material would be- 
come thermally instable, sometimes causing un- 
desirable solidification of part sof the molten ma- 
ss terial at the bottom of the crucible. In addition, the 
momentary and complete interruption of rotation 
cannot improve the profile of the oxygen con- 
centration of the single crystal silicon rod in its 
axial direction. 

40 With the method (2), when the oxygen con- 

centration profile is decreased in the axial direction 
of the crystal silicon rod, the crucible is rotated at a 
higher speed. It is very complicated and practically 
difficult to determine the profile of a suitable rota- 

45 tion speed of the crucible. In addition, the oxygen 
concentration profile is not improved in the radial 
cross-sectional area of the crystal silicon rod. 

The method (3), which is similar to the method 

(2) , corresponds to such a process as the oxygen 
50 concentration profile decreases uniformly in the 

single crystal silicon rod in the method (2), consid- 
ering only the rotation speed of the crucible. In this 
method, the single crystal silicon rod is rotated in a 
direction opposite to that of the crucible at a speed 
which is faster than that of the crucible. The pro- 

2 



3 



EP 0 429 847 A1 



4 



cess is not always effective to improve the oxygen 
concentration profile in the radial cross-sectional 
area of the silicon rod. 

SUMMARY OF THE INVENTION 



It is therefore an object of this invention to 
provide a method of effectively controlling the oxy- 
gen concentration profile to less than 10 %, prefer- 
ably less than 5 % in both the axial and radial 
directions of a single crystal silicon rod pulled up 
from a crucible by the Czochralski process. 

According to this invention, there is provided a 
method for pulling up single crystal silicon com- 
prising pulling up, by the Czochralski process, an 
ingot of single crystal silicon from a silicon melt in 
a quartz crucible rotating at a speed of at least 
more than 0 rpm; gradually increasing a standard 
rotation speed of the crucible in accordance with a 
predetermined program as the ingot of single cry- 
stal silicon is being pulled up from the crucible; 
adding pulse-like speed variations to the standard 
rotation speed of the crucible; and determining a 
range and a cycle of the pulse-like speed variations 
to be added to the standard rotation speed of the 
crucible in accordance with a predetermined pro- 
gram. 

The range of the pulse-like speed variations to 
be added to the standard rotation speed of the 
crucible is preferably set to a predetermined value. 

The pattern of the pulse-like speed variations 
to be added to the standard rotation speed of the 
crucible is preferably periodical. 

The range of the pulse-like speed variations to 
be added to the standard rotation speed of the 
crucible is preferably set, so as to become larger 
as the ingot sof single crystal silicon is being 
pulled up. 

The period of time maintaining the predeter- 
mined rotation speed of the pulse-like speed vari- 
ations to be added to the standard rotation speed 
of the crucible and the subsequent period of time 
maintaining the standard rotation speed of the cru- 
cible are both favorably increased. 

The standard rotation speed of the crucible is 
optionally determined between 0.1 rpm and 50 
rpm. With the standard speed of 0.1 rpm or less, 
the temperature of the molten material will not be 
uniform in the crucible. In some cases, part of the 
silicon melt is solidified at the bottom of the cru- 
cible. With the standard rotation speed of 50 rpm 
or more, the molten material may vibrate and 
causes ripples on its surface, thereby making it 
difficult to pull up a single crystal silicon rod. 

According to a first aspect of the invention, the 
standard rotation speed is set for 8 rpm or 10 rpm 
at first. As a crystal silicon rod is being pulled up, 



the rotation speed of the crucible is gradually in- 
creased and there to pulse-like speed variations, 
viz., stepwise increasing or decreasing of the rota- 
tion speed, are added or superimposed periodically 
5 over a period of time. Usually the rotation speed 
may be set in a range between 0.1 and 50 rpm. It 
is desirable that the total rotation speed of the 
crucible (the standard rotation speed plus the 
range of rotation speed variations) should be ae- 
ro tually 50 rpm at maximum depending upon the 
ordinary rotational mechanism, unavoidable eccen- 
tricity of the crucible rotation and other factors. 
Therefore, the maximum rotation speed to be ad- 
ded is about 42 rpm when the standard rotation 
15 speed is 8 rpm. 

When the rotation speed of the crucible is, 
gradually increased as the crystal silicon rod is 
being pulled up, the oxygen concentration of the 
silicon rod can be made uniform in its axial direc- 
20 tion as known in the prior art, while that in the 
radial cross-sectional area cannot be improved. 
However if the pulse-like speed variations is added 
or superimposed to the above known rotation 
speed changing manner, the oxygen concentration 
25 can be made uniform simultaneously in both the 
axial and radial directions of the silicon rod. 

The pulse-like rotation speed variations of the 
crucible contributes not only to uniform distribution 
of the oxygen concentration but also is useful to 
30 increase or decrease the oxygen concentration lev- 
el. 

If either, or both, the period of time maintaining 
the pulse-like rotation speed and/or, the period of 
time maintaining the preceding or subsequent stan- 
35 dard rotation speed were to be increased, the oxy- 
gen concentration profile of the silicon rod in the 
axial direction increases as a whole compared with 
that when the above additional pulse-like rotation 
speed variation is not superimposed. The period of 
40 time maintaining the pulse-like rotation speed in- 
crease is optionally set in the range between 1 to 
600 seconds. Increase of the oxygen concentration 
of the single crystal silicon rod is not observed 
outside the range mentioned above. The preferable 
45 period of time is 10 to 180 seconds. 

When the period of time maintaining the rota- 
tion speed increase is short, the molten material 
cannot follow the movement of the crucible. When 
the period of time is too long, the oxygen con- 
so centration cannot become uniform in the cross- 
sectional area of the single crystal silicon rod. The 
ratio between the period of time maintaining the 
pulse-like rotation variations and the period of time 
maintaining preceding or subsequent standard rota- 
55 tion speed is between 1 : 99 and 99 : 1. To attain 
the optimum effect, the ratio is preferably between 
2 : 8 and 8 : 2. It is also acceptable to lengthen the 
period of time maintaining the each pulse-like rota- 
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tion speed increase and to increase the rotation 
speed simultaneously as the single crystal silicon 
rod is being pulled up. 

According to the present invention, the adding 
manner of the pulse-like speed change is decided 
in accordance with the oxygen concentration profile 
of the single crystal silicon rod at the standard 
rotation speed of the crucible. The profile of 1 the 
oxygen concentration of the single crystal silicon 
rod profile can be easily changed in the axial 
direction by adjusting the amount, namely, height 
and time of the pulse form of the rotation speed 
variations. The oxygen concentration profile can be 
either 10% or more or 5% or less in the radial 
direction of the single crystal silicon rod as well. 

The above and other advantages, features and 
additional objects of this invention will be manifest 
to those skilled in the art upon making reference to 
the follwing detailed description and the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing a rotation speed of a 
quartz crucible in Example 1; and 
FIG. 2 is a graph showing the oxygen con- 
centration in the lengthwise direction of a single 
crystal silicon rod produced in Example 1 and 
Comparative Experiment 1. 

DETAILED DESCRIPTION 



An example of this invention will now be de- 
scribed. It is to be noted that any changes and 
modifications can be made without departing from 
the spirit and scope of the invention to be de- 
scribed hereinafter. 

Example 1 : 

This example was obtained by changing the 
standard rotation speed while maintaining the range 
of speed variation at 4.0 rpm, speed variation cycle 
at 60 seconds (period of standard rotation 
speed/period of increased rotation speed = 1/1). 

A single crystal silicon ingot of 40 cm long was 
pulled up from a quartz crucible having an inner 
diameter of 440 mm in which silicon of 30 kg was 
melted. The quartz crucible was rotated at the 
following speeds. 

As shown in Fig. 1 , the standard rotation speed 
of the crucible was kept at 8.0 rpm while the silicon 
rod was 0 to 10 cm long. The standard speed was 
gradually increased from 8 rpm to 12 rpm while the 
silicon rod was 10 to 40 cm long. The standard 
speed was increased to at a constant speed of 12.0 
rpm v/hen the silicon rod became longer than 40 



cm. The amount of the speed variation was kept .at 
4.0 rpm, the speed variation cycle was 60 seconds 
(the period of the standard rotation speed/the pe- 
riod of the increased rotation speed = 1/1). The 

5 silicon rod was rotated at a speed (SR) of 20 rpm 
in the direction opposite to that of the crucible. 

FIG. 2 shows the oxygen concentration of the 
single crystal silicon in its lengthwise direction. As 
can be seen in FIG. 2, the oxygen concentration 

10 obtained in this example is much improved com- 
pared with the Comparative Experiment 1 to be 
described later. The silicon rod obtained in this 
example was free from a phenomenon in which the 
oxygen concentration tends to decrease as the 

75 silicon rod gets longer, and had a uniform oxygen 
concentration in the lengthwise direction of the 
silicon rod. In addition, all the oxygen concentra- 
tions measured at a center and two 5mm points on 
a diameter from the periphery were within 4.5% of 

20 the lowest of them, across the central cross-section 
at the center of the whole length of the silicon rod. 

Comparative Experiment 1: 

25 This comparative experiment was produced 

without changing the standard speed of a quartz 
crucible (prior art). 

A single crystal silicon rod of about 40 cm long 
and 150 mm in diameter was pulled up from the 

30 quartz crucible which had an inner diameter of 440 
mm and in which silicon was melted. The crucible 
was rotated at the constant standard speed of 8.0 
rpm without any speed variation. 

The oxygen concentration of the produced sili- 

35 con was measured. The result was shown in FIG. 2 
as the Comparative Experiment 1 with that of Ex- 
ample 1. The oxygen concentrations measured at a 
center and two 5 mm points on a diameter from 
the periphery spread to 18% of the lowest of them. 

40 As described above, according to this inven- 

tion, (a) a single crystal silicon rod having a high 
oxygen concentration can be easily pulled up; (b) 
the oxygen concentration can be uniform in the 
radial and axial directions of the silicon rod; and (c) 

45 the standard rotation speed of the crucible is 
gradually increased and also there to the pulse-like 
rotation speed variations are added. Single crystal 
silicon rods having the desired oxygen concentra- 
tion profile in both the axial and radial directions 

so can be manufactured according to the amount of 
the change of the standard rotation speed and the 
adding effect of the pulse-like rotation speed vari- 
ations. 

55 

Claims 

1. A method for pulling up single crystal silicon 
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comprising: 

(a) pulling up, by the Czochralski process, an 
ingot of single crystal silicon from a silicon melt 
in a quartz crucible rotating at a speed of at 
least more than 0 rpm; 5 

(b) gradually increasing a standard rotation 
speed of the said crucible in accordance v/ith a 
predetermined program as the ingot of single 
crystal silicon is being pulled up from the said 
crucible; to 

(c) adding pulse-like speed variations to the 
standard rotation speed of the said crucible; and 

(d) determining a range and a cycle of the 
pulse-like speed variations to be added to the 
standard rotation speed of the said crucible in is 
accordance with a predetermined program. 

2. A method for pulling up single crystal silicon 
according to claim 1, wherein the range of the 
pulse-like speed variations to be added to the 
standard rotation speed of the said crucible is set 20 
to a predetermined value. 

3. A method for pulling up single crystal silicon 
according to claim 1 or 2 wherein a pattern of the 
pulse-like speed variations to be added to the 
standard rotation speed of the said crucible is 25 
periodical. 

4. A method for pulling up single crystal silicon 
according to claim 3, wherein the range of the 
pulse-like speed variations to be added to the 
standard rotation speed of the said crucible is set 30 
so as to become larger as the ingot of single 
crystal silicon is being pulled up. 

5. A method for pulling up single crystal silicon 
according to claim 3, wherein the period of time 
maintaining the predetermined rotation speed of 35 
the pulse-like speed variations to be added to the 
standard rotation speed of the said crucible and the 
subsequent period of time maintaining the standard 
rotation speed of the said crucible are both in- 
creased. 40 
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